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STRATIGRAPHIC AND STRUCTURAL RELATIONS IN THE TURBIDITE
SEQUENCE OF SOUTH-CENTRAL MAINE
Philip H. Osberg
U.S. Geological Survey and University of Maine at Orono
Introduction
The turbidite section of south-central Maine occupies the southeast
part of the Merrimack synclinorium which extends from the vicinity of
Houlton, Maine, through southern Maine, central New Hampshire, central
Massachusetts, and into central Connecticut. These rocks belong to a thick
(>5000 m) section of Silurian age that is in contact to the east with
a terrane of plagioclase gneiss and amphibolite of Precambrian (?) or early
Paleozoic age. Early foliated plutons, presumably of pre-Silurian age,
intrude the gneiss-amphibolite terrane. Devonian plutons of granite, quartz
monzonite, and granodiorite cut both the turbidite and gneiss-amphibolite
terranes. The gneiss amphibolite terrane was metamorphosed to epidote-
amphibolite facies in Precambrian (?) or early Paleozoic time. Both the
turbidite and gneiss-amphibolite terranes were metamorphosed in a Buchan-
type facies series in Early Devonian time. The Buchan-type metamorphism
increases in grade to the south.
The distribution of rock units is shown in Figure 1. The region in-
cludes the Skowhegan, Pittsfield, Norridgewock, Waterville, Vassalboro,
Augusta, and Gardiner 15' quadrangles of the U.S. Geological Survey Atlas of
Topographic Maps. The geology is based on work of Barker (1961), Osberg
(1968), Heinonen (1971), Griffin (1973), Ludman (1976, 1977), Pankiwskyj
,
and others (1976), and on unpublished notes of Pankiwskyj, Newburg, and
Osberg.
Stratigraphy
The stratigraphic column is presented in the explanation of Figure 1.
The paleontological control comes from Osberg (1968) and from the data of
Pankiwskyj and others (1976).
The relative stratigraphic position of lithic units has been determined
by primary sedimentary features. But because of complex structural relations
and because both upward-facing and downward-facing sections have been recog-
nized, primary features are most relevant at or near formational contacts.
This circumstance limits the number of critical observations.
Cushing Formation . The Cushing Formation is exposed along the east boundary
of the area shown in Figure 1. These rocks are continuous southward to the
latitude of Portland, where the name Cushing was first used (Katz, 1917;
Hussey, 1971). The Cushing Formation in south-central Maine consists of
three divisions: (1) a lower quartz-K feldspar-plagioclase-biotite gneiss
consisting of quartzofeldspathic layers 1-3 cm thick alternating with
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70' A-Augusta, W-Waterville, S-Skowhegan 69°05'
Figure 1. Geologic map of south-central Maine,
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interlayered with biotite-bearing amphibolites, and (3) an upper, somewhat
massive plagioclase-quartz-biotite granulite. A rusty zone, forming a
nearly continuous unit along the west boundary of the Cushing Formation,
may be a mineralized zone along a thrust contact or it may partly represent
a stratigraphic unit. All sequences contain abundant pegmatites. No thick-
ness can be given for the Cushing Formation.
Age relations for the Cushing Formation are not well established.
Mineralogy and texture from the north extremity of its outcrop indicate that
it has been metamorphosed to higher grade than the overlying Silurian turbi-
dite section. The Cushing Formation is probably early Paleozoic in age or
possibly Precambrian (?). The lithology and stratigraphic position of the
Cushing Formation are similar to those of parts of the "Massabessic" gneiss
in New Hampshire where Besancon and others (1977) have determined a 600 m.y.
age and to those of the Nashoba Formation in Massachusetts. The Cushing
Formation, however, cannot be traced continuously into these units.
Vassalboro Formation . The name Vassalboro sandstone was coined by Perkins
and Smith (1925) for massively bedded, bluish graywacke cropping out between
the Kennebec River and China Lake. The name has since been amended to
Vassalboro Formation (Fisher, 1941; Barker, 1961) because of the variability
of the unit. The name Kenduskeag Formation as used by Ludman and Griffin
(1974) has been applied to some rocks originally included within the
Vassalboro Formation and refers to a distinctive lithology, but it may not
represent a mappable unit.
The Vassalboro Formation Consists of bluish gray, slightly calcareous,
quartz wacke and quartz-mica phyllite/schist . The proportion of these
lithologies varies from place to place, but quartz wacke always makes up a
part of any outcrop. Thickness of bedding varies widely; the quartz wacke
is present in beds that range from 7 cm to several meters in thickness,
whereas the schist/phyllite is present in beds that range from a few milli-
meters to several centimeters in thickness. Beds of quartz wacke have
parallel lamination and, locally, cross lamination and convolute tops. At
higher metamorphic grades, the quartz wacke contains diopside, green amphi-
bole, clinozoisite, and abundant plagioclase. A prominent unit of quartz-
mica schist and gray marble observed at several localities near the east
boundary of the Vassalboro Formation may represent inliers of Waterville
Formation or a heretofore unrecognized stratigraphic unit within the Vassalboro,
The Vassalboro Formation has a large breadth of outcrop even though
attitudes of bedding are mostly vertical throughout the area. Consequently,
estimating the thickness of the Vassalboro is difficult. Its minimum
breadth of outcrop and its maximum thickness is approximately 3,200 m, but
presumably it is less than this figure due to folding within the unit.
A single locality containing identifiable fossils has been described
in the Vassalboro Formation (Pankiwskyj and others, 1976). Graptolites
from this locality suggest a Llandoverian to Ludlovian Age. Considering
the thickness of the Vassalboro Formation and the ages of the overlying
formations, I think that the Vassalboro is probably Llandoverian, although
the lower part of the formation could be as old as latest Ordovician.
The Vassalboro Formation is equated to the lower part of the Smyrna
Mills Formation of northeastern Maine, possibly part of the Berwick Forma-
tion in southern Maine, the Oakdale Quart zite and the Paxton Quartz Schist
in central Massachusetts, and the Hebron Formation in Connecticut. It may
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correlate with the Quimby Formation in western Maine.
Waterville Formation . Perkins and Smith (1925) used the name Waterville
shale to designate rocks exposed west of the Kennebec River in the vicinity
of Waterville. Osberg (1968) changed the name to Waterville Formation,
which included an eastern and a western facies. Present usage restricts
the Waterville Formation to the eastern facies; the western facies is
included in the Sangerville Formation (Ludman, 1976).
The Waterville Formation is dominantly a thinly laminated phyllite/
schist. Typically, beds of quartzite or slightly calcareous quartzite
alternate with beds of quartz-mica phyllite/schist. Bedding thicknesses
are generally less than 3 cm. Convolute structures in the quartzitic layers
and grading between quartzitic and phyllitic layers can be observed locally.
The phyllite/schist layers contain a variety of mineral assemblages depend-
ing on metamorphic grade. Assemblages containing combinations of quartz,
plagioclase, muscovite, biotite, chlorite, garnet, staurolite, cordierite,
andalusite, and sillimanite are common.
A conspicuous unit composed of gray limestone and quartz-mica phyllite
forms an excellent mapping horizon within the Waterville Formation. This
unit is thinly bedded with limestone layers 1-6 cm thick alternating with
phyllite layers generally less than 4 cm thick. At high metamorphic grades,
this unit contains diopside, grossularite, green amphibole, phlogopite, and
plagioclase.
The thickness of the Waterville Formation cannot be determined from a
single section because of the complexity of folding. However, an estimate
of maximum thickness can be determined by measuring the narrowest breadth
of outcrop from its base to the limestone member and adding that value to
the minimum breadth of outcrop between the limestone member and the upper
boundary of the formation. The resulting figure is 1,100 m. Of course,
the thickness of the formation may vary geographically along and across
strike.
Three fossil localities in the Waterville Formation have been described
(Osberg, 1968; Pankiwskyj and others, 1976). Two of these localities con-
tain fossils that range in age between Ordovician and Early Devonian, but
the third contains fossils that limit the age to a range of late Llandover-
ian to Ludlovian.
The Waterville Formation may be correlative to the west with the
sequence Turner through Anasagunticook Formations as used by Pankiwskyj and
others (1976) and the Greenvale Cove Formation. It may correlate to the
south with at least part of the Eliot Formation.
Sangerville Formation . The Sangerville Formation includes exposures of
graywacke and phyllite in the Skowhegan quadrangle (Ludman and Griffin,
1974; Pankiwskyj and others, 1976). These rocks are in part continuous with
rocks that Osberg (1968) interpreted as the western facies of the Waterville
Formation, and the name, Sangerville Formation, is adopted for these rocks.
This unit also contains rocks that Osberg (1968) called the Mayflower Hill
Formation, a name which should now be abandoned.
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The Sangerville Formation lies stratigraphically above the Waterville
Formation, and as used here consists of two principal lithologies: a lower
graywacke-phyllite unit and an upper feldspathic wacke and interbedded
limestone unit. The upper feldspathic wacke and interbedded limestone unit
makes up the bulk of the formation.
Slightly calcareous graywacke and quartz-mica phyllite are the common
rocks of the lower unit. Beds range from 7 cm to a meter in thickness, and
the thickness of the graywacke is eight or nine times that of the phyllite.
Beds are commonly graded. Parallel lamination is common and delicate cross-
beds can be seen locally. A black sulfidic quartz-mica phyllite is found
discontinuously at the contact with the Waterville Formation.
The upper unit consists principally of light-gray feldspathic graywacke
and medium-gray quartz-mica phyllite/schist . Some of the graywacke is
slightly calcareous. Beds are 8 cm to 1.5 m thick, and, although most beds
are ungraded, they locally show grading, cross lamination, and scour-and-
fill features. The graywacke is locally conglomeratic and contains clasts
of slate, feldspar, plutonic rocks and volcanic rocks. The phyllite/schist
is laminated to massive. At appropriate metamorphic grades, it contains
staurolite, garnet, and sillimanite.
Two conspicuous units of gray limestone are present in the upper unit.
Lithologically, the limestone is similar to the limestone member of the
Waterville Formation, a circumstance that has caused much confusion in
earlier studies (Osberg, 1968; Ludman and Griffin, 19 74, and Pankiwskyj
and others, 1976).
The thickness of the Sangerville Formation is difficult to estimate,
and the writer has found no good place to reconstruct its thickness.
Ludman (1977) gave a thickness in excess of 2,000 m.
Fossils are found at three localities in the area shown in Figure 1.
Graptolites from these localities indicate an age from late Llandoverian
to Wenlockian (Osberg, 1968; Pankiwskyj and others, 1976). This age range
is confirmed by fossil information from adjacent areas.
The Sangerville Formation is equivalent to the Rangeley Formation in
western Maine. No correlatives are known in southern Maine.
Unnamed phyllite/quartzite unit . Thin bedded greenish gray quartz-mica
phyllite and quartzite occupy the stratigraphic interval between the
Sangerville and Parkman Hill Formations. This unit was mapped as Waterville
Formation by Griffin (1973) and Pankiwskyj and others (1977) and was in-
cluded in the Sangerville by Ludman (1976)
.
This unit consists of beds of quartzite from 1 to 8 cm thick alter-
nating with beds of quartz-mica phyllite/schist from 1 to 3 cm thick. The
quartzite commonly shows conspicuous crossbeds and small slump structures
near the tops of beds. The quartz-mica phyllite/schist contains garnet
and staurolite at appropriate metamorphic grades. This unit somewhat
resembles the Waterville Formation, but can be distinguished from it by the
thicker beds of quartzite and the common internal bedding features.
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The unnamed phyllite/quartzite unit has a breadth of outcrop in the
vicinity of Skowhegan of approximately 150 m. Because of extensive folding,
a thickness of 50 to 70 m may be more realistic.
No fossils have been found in this unit. However, it lies between the
Sangerville Formation of Llandoverian to Wenlockian age and the Parkman Hill
Formation of probable Ludlovian age; therefore, its age must be Wenlockian
or Ludlovian.
This unit is lithologically and stratigraphically equivalent to the
Perry Mountain Formation in western Maine. It has no known correlatives in
southern Maine, New Hampshire, Massachusetts or Connecticut.
Parkman Hill Formation . Pankiwskyj and others (1976) described the Parkman
Hill Formation as consisting of sulfidic, rusty-weathering metasandstone and
metapelite that lies between the Sangerville and Fall Brook Formations. As
used in this report it refers to the rusty-weathered metasandstone and
metapelite that lies between the unnamed phyllite/quartzite unit described
above and the Fall Brook Formation.
As used here the Parkman Hill consists of rusty-weathering, pyritifer-
ous quartz-mica phyllite in beds 0.5 to 10 cm thick. Bedding is difficult
to discern on weathered surfaces. Beds of variously rusty, slightly
calcareous quartz wacke and graywacke are interbedded with the phyllite,
particularly in the western part of the area. The wacke beds have thick-
nesses up to 15 cm.
Pankiwskyj (1979) estimates a thickness of 200 to 300 m for the Parkman
Hill Formation in the Anson quadrangle, but in the vicinity of Canaan
(Skowhegan quadrangle) its thickness is only several tens of meters.
Numerous fossil localities have been found in the Parkman Hill Forma-
tion (Pankiwskyj and others, 1976). These fossils have been assigned to
the range late Llandoverian to Ludlovian, but the most definitive collec-
tions indicate a Ludlovian age.
The Parkman Hill Formation is correlative with the Smalls Falls
Formation of western Maine.
Fall Brook Formation . Pankiwskyj and others (1976) used the name Fall
Brook Formation for a quart zite sequence in central Maine. Ludman (1977)
extended the name to include rocks exposed east of Skowhegan (Figure 1).
The Fall Brook Formation consists dominantly of massively bedded (15 cm
to 4 m thick), slightly calcareous quartz wacke. Cross lamination is con-
spicuous in some beds, and calcareous pods are locally common. Amphibole,
diopside, and plagioclase are present at appropriate metamorphic grade.
Groups of beds, 1 to several meters thick, of interbedded quartz-mica
phyllite/ schist and quartzite in beds 1 to 3 cm thick form a subordinate
lithology
.
No estimates of the thickness of the Fall Brook Formation can be made
within the area shown in Figure 1. Pankiwskyj and others (1976) state its
thickness to be 1,000 m.
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The Fall Brook is unfossiliferous, but because it lies between the
rusty unit of Ludlovian age and Early Devonian phyllites, its age is Upper
Silurian or Lower Devonian.
The Fall Brook Formation correlates with the Madrid Formation in
western Maine. Its correlatives to the south have not been recognized.
Intrusive Rocks . The intrusive rocks are represented by conspicuously
foliated "older" granites, dikes of plagioclase granulite and stocks of
binary quartz monzonite and biotite granodiorite. The "older" granites are
represented by equigranular garnet and biotite bearing granites and pegma-
tites and by biotite granite containing insets of K feldspar. All varie-
ties are foliated. These "older" granites intrude the Cushing Formation,
but do not cut the Silurian turbidite section. These granites have not been
dated, but somewhat similar rocks to the northeast have a minimum zircon age
of 450 m.y.
Dikes of plagioclase granulite consist of plagioclase, calcite, musco-
vite, chlorite, and magnetite. These dikes are 60 cm to 3 m thick. They
crosscut upright isoclinal folds but are in turn deformed by younger folds.
They obviously predate the metamorphism.
Binary quartz monzonite is exposed in four small stocks and lesser
bodies (Figure 1). Plagioclase, microcline, quartz, muscovite, biotite,
and garnet form an interlocking, inequigranular texture.
Biotite granodiorite is present in large stocks (Figure 1). The
biotite granodiorite contains plagioclase, quartz, microcline, biotite,
and, locally, garnet or hornblende. It has a perceptible foliation, particu-
larly near the contacts.
The plagioclase dikes, binary quartz monzonite and biotite granodi-
orite cut Silurian rocks. The plagioclase dikes preceded metamorphism and
Ferry (1978) has presented arguments that the quartz monzonite and granodi-
orite were coeval with regional metamorphism. Several of the stocks have
been dated by the Rb/Sr method which indicates ages between 394 and 360 m.y.
(Dallmeyer, 1978).
Structural Geology
Structural features include schistosity, cleavage, a variety of
lineations, folds, cleavage bands, boudinage, shears, and faults. Fold
elements, assigned to three distinct episodes of deformation, consist of
late asymmetrical folds, earlier upright folds, and preexisting recumbent
folds.
The late asymmetrical folds have axial surfaces that are more or less
constant throughout the region (strikes within 10° of north and steep dips)
A well-developed cleavage parallels their axial surfaces. These folds
deform bedding and schistosity/cleavage of earlier folds; therefore, the
plunges and asymmetry of these late folds are variable and depend on the
orientation of the surface being folded. No major folds belonging to this
285
episode have been identified.
These late folds were approximately synchronous with the metamorphism
but the deformation continued after the peak of metamorphism. Muscovite
and sillimanite have nucleated in the surfaces of cleavage associated with
these folds, and porphyroblasts, although they exhibit static growth rela-
tive to earlier schistosity, have rotated slightly during the late deforma-
tion. Ferry (1978) suggested that the regional metamorphism and emplacement
of plutons of granodiorite and quartz monzonite were coeval; this relation-
tion would indicate that these folds are Early Devonian in age.
Upright folds are both mesocopic and major, and these folds control
the regional map patterns (Figure 1). In outcrop, these folds have forms
that range from relatively open folds to highly flattened isoclinal folds.
The openness depends on proximity to competent structural units. Axial
surfaces strike northeast and dip steeply; plunges are generally less than
25°, but locally plunges of 45° have been recorded. Regional schistosity
and pressure-solution cleavage parallel the axial surfaces of these folds.
These upright folds face downward over certain regions and upward over
others.
Major upright folds are the obvious structural features as indicated
from the distribution of formations (Figure 1). Major folds delineated in
Figure 1 are from northwest to southeast: the Athens antiform, the Corn-
ville antiform, the Skowhegan synform, the Hinckley antiform, and the
Shawmut antiform. Lesser antiforms and synforms are defined on the basis
of the limestone/marble members of the Waterville and Sangerville Forma-
tions.
The upright folds predate the metamorphism. The schistosity that is
parallel to their axial surfaces is statically enclosed in porphyroblasts,
and these folds are cut by dikes (Osberg, 1968) that have been metamor-
phosed to plagioclase granulites. On the other hand, these folds regionally
deform rocks as young as Oriskany and possibly as young as Schoharie.
Because the metamorphism has been dated at 400 to 365 million years (Faul
and others, 1963; Dallmeyer, 1978), these folds have an Early Devonian age
as well.
Evidence of the recumbent folds is mostly indirect: map-pattern,
downward-facing upright folds, and stratigraphic relationships. Only at a
single outcrop do minor folds display evidence of the earlier recumbent
folds. The reconstruction of these folds indicates that they are of Alpine
proportions and in south-central Maine face northwest.
The upright folds are interpreted to deform earlier recumbent struc-
tures. The Athens, Cornville, Skowhegan, and Hinckley upright folds face
upward and are thought to deform the normal limb of a large west-facing
recumbent anticline. Near Waterville the Shawmut antiform faces upward and
is interpreted to be in the normal limb of a west-facing recumbent sylcine.
The synform east of the Shawmut anticline and delineated by the limestone












































A high-angle fault separates the Waterville Formation from units to
the west except west of Waterville where different parts of the Sangerville
are juxtaposed (Figure 1). This fault postdates the upright folds and
places the Shawmut antiform on the east flank of the Hinckley antiform with-
out an intervening synform. This fault predates the metamorphism.
The contact between the Cushing and Vassalboro Formations is incom-
pletely known (Figure 1). It may be an unconformity or it may be a thrust
fault. In either case the contact is folded by the upright folds.
A structure section showing the relationships between the early
recumbent folds and the late upright folds is detailed in Figure 2. The
line of the structure section is shown in Figure 1.
Metamorphism
Metamorphic rocks of the Silurian turbidite section have been studied
by Osberg (1968, 1971, 1974, and unpub. data) and by Ferry (1976a, b). The
metamorphism belongs to a Buchan-type facies series. Osberg (1974) mapped
isograds in the pelitic rocks on the basis of biotite, garnet, andalusite-
cordierite-staurolite, sillimanite, and sillimanite-K feldspar. Ferry
(1976a) mapped isograds in the Vassalboro and Waterville Formations on the
basis of biotite-chlorite, amphibole-anorthite, zoisite, microcline-
amphibole, diopside, and scapolite.
Examination of the chemistry of the associated minerals indicates that
the mineral assemblages approached equilibrium near the peak of metamor-
phism (Osberg, 1971; Ferry, 1978). Estimates of the conditions of meta-
morphism (Osberg, 1971; Ferry, 1976b) from coexisting minerals indicate
that the temperature ranged from ~378°C at the biotite isograd to about 550°
at the sillimanite isograd. Pressures have been estimated to have been in
the range 3,000-3,500 bars. Water pressure was generally less than total
pressure.
Dallmeyer (1978) has dated biotite and hornblende from various meta-
morphic assemblages. Undisturbed ^Ar/^Ar re iease spectra and total-gas
determinations for biotite produce ages ranging from 335 to 227 m.y.; rocks
are younger in the direction of increasing metamoprhic grade. Hornblende
records older ages than does biotite, and together these ages must be
interpreted to reflect diachronous post-metamorphic cooling.
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Assembly point for trip is Stafford's Variety in Athens, Maine
(11 miles N of Skowhegan) . Starting time is 9:00 A.M.
290
Stop 1 . Outcrop is located on stream 300 m up stream from
bridge. Exposures of limestone member of Sangerville Formation.
Gray limestone and sandy limestone in beds 1-13 cm thick. Sandy
limestone beds exhibit well preserved cross bedding. Interbeds of
siliceous phyllite and biotite quartzite are 1-8 cm thick. Beds
strike northeasterly and dip steeply. Well preserved upright,
nearly isoclinal folds are preserved in bedding and the cross-
bedding indicates that these folds face upward. Isoclinal folds
plunge gently south.
Ludman (1977) mapped a fault that was interpreted to isolate this
limestone locality. Alternately, the map-pattern of this lime-
stone occurrence may be due to the intersection of the erosion
surface with a culmination in a major upright antiform.
Return to cars.
Proceed south on Route 150.
1.4 Townline between Athens and Cornville.
1.8 Cass Corner. Turn left on West Ridge Road.
6.0 Cornville. Continue straight. Hills to east are underlain by
biotite granodiorite of Hartland pluton.
8.5 Small outcrop of limestone member of Sangerville Formation to right.
8.7 Malbons Mills. Turn left.
8.8 Stop 2 . Park along road. Outcrop is at old mill south of bridge.
Exposures of Sangerville Formation.
Under bridge is exposure of quartz-mica phyllite and quartzite in
beds 1-3 cm thick. Two thin beds of limestone are intercalated.
At old mill is exposure of massive feldspathic graywacke, poly-
mictic conglomerate, and quartz-mica phyllite. Bedding is 2 cm -
2 m thick. Clasts consist of vein quartz, wacke, feldspar, slate,
and volcanic fragments and tend to be flattened in plane of
bedding. Maximum size of clasts is approximately 1 cm. Bedding
and schistosity are essentially parallel; they strike northeast
and dip steeply west.
On east bank of stream exposures are feldspathic graywacke in beds
30-90 cm thick interbedded with 0.5-2.5 cm beds of quartz-mica
phyllite. Flame structures at bottom of sandy beds indicate tops
east. Late cleavage strikes more northerly than bedding and
schistosity and dips steeply west.
Return to cars and reverse direction.
8.9 Malbons Mills. Turn left toward Skohegan.
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10.7 Stop sign. Junction with Route 2. Turn right onto Route 2.
10.8 Stop 3 . Park along Route 2. Exposures of unnamed phyllite/
quartzite unit are on promontory west of Great Eddy of Kennebec
River. Route 2 is busy highway. Be cautious of traffic!
Quartzite beds 2-7 cm thick show well developed crossbedding.
Light gray quartz-mica phyllite, in beds 0.1-3 cm, alternate with
beds of quartzite. A few lenses of gray limestone, approximately
30 cm long and 5 cm thick are locally intercalated. Bedding
strikes northeast and dips steeply west; crossbeds indicate tops
are east. Nearly isoclinal upright folds deform bedding. Cross-
beds in the limbs of folds indicate that the folds face upwards.
A late cleavage strikes more northerly than bedding and dips
steeply northwest.
Return to cars. Reverse direction and proceed east on Route 2.
11.1 Stop 4 . Turn right into "picnic area". Exposures of Parkman Hill
Formation are located on the bank of the Kennebec River. These
outcrops are in west limb of Skowhegan synform.
Rusty-weathering, dark gray pyritiferous quartz-mica phyllite in
beds 2-30 cm thick interstratif ied with beds of rusty-weathered,
light purplish gray pyritiferous quartz-feldspar-mica granulite,
8-90 cm thick. Bedding and schistosity strike northeasterly and
dip steeply west.
Return to cars and proceed east on Route 2.
12.6 Turn right onto East River Road.
14.5 Stop 5 . Park along road. Small exposure of Fall Brook Formation
is on north side of road. Good exposures of Fall Brook Formation
are not accessible along our route.
Somewhat flinty, purplish gray quartz-plagioclase-biotite-calcite
granulite in beds 8-30 cm thick. Medium gray quartz-mica phyllite
in layers 1-3 cm thick is interbedded. Quartz veins are numerous.
These rocks lie well within the contact aureole of the Hartland
pluton. Bedding and schistosity strike northeast and dip steeply
west. A small right-hand fold deforms both bedding and a quartz
vein; it plunges moderately south. A late cleavage strikes more
northerly than bedding and dips steeply west.
Return to cars and proceed east on East River Road.
15.4 Turn left onto Eaton Mountain Road. Outcrops of rusty-weathering,
pyritiferous quartz-mica phyllite on left in brook belong to Park-
man Hill Formation and are in east limb of Skowhegan synform.
16.7 Eaton Mountain to right is underlain by Parkman Hill Formation and
biotite granodiorite of Hartland pluton.
292
18.0 Stop sign. Intersection with Route 2. Turn right and proceed
east on Route 2.
18.9 Small outcrop of Hartland granodiorite on left.
21.5 Canaan. Outcrop of limestone member of Sangerville Formation
under bridge.
21.8 Route 23 diverges. Continue east on Route 2.
22.9 Small exposures of Sangerville Formation on left.
23.2 Small outcrops of Sangerville Formation on right.
29.4 Junction of Route 152 with Route 2. Turn right on Route 152.
29.5 Stop 6 . Park on side of road. Exposures of Waterville Formation.
Light purplish and grayish green quartz-mica-chlorite phyllite
containing 0.2-8 cm thick beds of quartzite and ankeritic quart-
zite. Bedding strikes northeasterly and dips steeply east.
Upright, isoclinal folds are present at north end of outcrop.
These folds plunge gently northeasterly. Foliation in the phyllite
wraps around the hinges of these folds.
Return to cars and proceed south on Route 152.
32.6 Entering Pittsfield. Stop sign. Turn right to Route 95.
33.4 Turn left onto southbound lane of Route 95.
35.7 Turn right into rest area. Lunch stop. Continue south on
Route 95.
44.1 Exposures of Waterville Formation on right.
47.5 Bridge over Kennebec River.
49.8 Exposures of rusty-weathering, sulfidic quartz-mica phyllite at
base of Sangerville Formation.
51.0 Bridge over Messalonski Stream.
53.1 Turn right off Route 95 using Exit 33.
53.4 Stop sign. Turn left onto Oakland Road.
54.3 Stop 7 . Park at side of highway. Oakland Road is a busy street.
Be careful of traffic. Exposure of basal Sangerville Formation
is located on north side of highway.
Rusty weathered, dark-gray quartz-mica phyllite interbedded with
dark-gray quartzose layers at the east end of the outcrop is the
basal unit of the Sangerville Formation. Pyrite is abundant
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and crystals have a more-or-less common orientation and do not
have associated, quartz-filled pressure shadows. Beds range from
5 mm to 1.5 cm in thickness.
Light-gray, slightly calcareous graywacke and quartz-mica phyllite
exposed in the west part of the outcrop are the dominant rocks of
the lower unit of the Sangerville Formation. Beds are 15 cm to
50 cm thick and commonly grade from sandy bottoms to phyllitic
tops. Sandstone: shale ratios in beds range from 1:1 to 8:1.
Small grains of feldspar and shale clasts can be seen at the base
of some beds. Good grading can be seen on top of the outcrop and
indicates that the cyclically graded unit is younger than the
sulfidic phyllite.
Bedding strikes northeasterly and dips steeply. Schistosity cuts
bedding at a low angle and the trace of graded beds on schistosity
indicate that the section is right-side up. Small shears that
offset bedding can be seen on the vertical face, but because the
topping direction of bedding does not change across them, the
displacement on them is thought to be small. Quartz pods form
boudin fillings; other veins are late.
The observed stratigraphic relations indicate that the Sangerville
Formation is younger than the Waterville Formation. The outcrop
pattern of the Sangerville Formation (Figure 1) in the Shawmut
antiform, coupled with the consistent northward plunge of the
Shawmut antiform, demands that the Shawmut antiform in part faces
downward, i.e., folds the axial surface of an earlier recumbent
fold. Because the local section is right-side up, this outcrop
must be in the normal limit of the early recumbent syncline
(Figure 2)
.
Return to cars. Continue east on Oakland Road.
54.9 Stop light. Continue straight. After crossing bridge, bear
right on Grove Street.
55.4 Stop sign. Turn left on Water Street.
56.2 Stop light. Turn right onto Route 201 and cross bridge over
Kennebec River.
56.3 Stop light. Turn right remaining on Route 201.
56.5 Stop 8 . Park in vacant lot to right. Exposure is located over
the bank on the Kennebec River. Outcrop is Waterville Formation
and its limestone member.
Alternations of light-gray quartz-muscovite-chlorite-phyllite
and white to buff quartzite in beds 6 mm to 8 cm thick is a common
variant to the Waterville Formation adjacent to the limestone
member. Some beds show gradation from quartzone bottoms to pelitic
tops. The limestone member consists of gray, slightly micaceous
limestone interbedded with rusty, buff-collored quartz-mica.
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phyllite. Bedding is 6 mm to 12 cm thick. The contact between
the two units is abrupt.
Four areas of the outcrop are particularly worth viewing. In
area 1, a northeast-trending isoclinal fold plunges gently to the
north. A well-developed cleavage is parallel to its axial surface.
Graded bedding near the hinge of this fold has tentatively been
interpreted to indicate that these folds face downward. Both
limbs of the upright isoclinal fold are cut by cleavage that strikes
northerly and dips steeply; right-hand asymmetrical folds that have
axial surfaces parallel to the second cleavage are found in both
limbs of the upright fold. The concentration of quartz pods marks
a shear zone.
At locality 2, an upright, isoclinal synform deforms an earlier
isoclinal fold. The upright isoclinal synform has an axial sur-
face that strikes northeasterly and dips steeply; its axis plunges
to the northeast. Beds in the hinge of the earlier fold can be
traced around the hinge of the later fold, and cleavage that is
parallel to the axial surface or the earlier fold can be seen only
in its hinge. The plunge of the early fold has not been ascer-
tained. The early fold is thought to relate to the episode of
recumbent folding.
At locality 3, beds of the limestone member are folded by iso-
clinal upright folds. These folds have nearly plane flanks and
sharp hinges. Their axial surfaces strike northeasterly and dip
steeply, and their axes plunge to the northeast. A second
cleavage, best preserved in the beds of phyllite, cuts both
limbs of these folds.
At locality 4, a dike of light-gray plagioclass-quartz-muscovite-
chlorite-calcite granulite strikes N.33°E. and dips 82°SE. It
cuts the bedding at a low angle and has elsewhere been shown to
cut the upright isoclinal folds (Osberg, 1968). A faint cleavage
oriented parallel to the late, north-trending cleavage cuts the
dike. The dike is broken into "rotated" boundinage and the
boudin lines plunge steeply. This dike was intruded after the
formation of the upright isoclinal folds but before the metamor-
phism and late deformation.
Return to cars and continue south on Route 201.
56.7 Stop light. Continue across bridge on Route 201.
56.9 Stop light. Turn left on Route 137.
59.4 Stop 9 . Turn left onto Pattee Pond Road and park in vacant lot.
Exposures of Vassalboro Formation form road cut on Route 137.
Interbedded light-gray quartz-mica phyllite and blue-gray,
slightly calcareous quartz wacke are characteristic of the Vassal-
boro Formation. Possible grading and cross lamination may be seen
in the west end of the outcrop.
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Open and isoclinal upright folds are identifiable in bedding.
Upright folds have axial surfaces that strike northeast and dip
steeply. Their axes plunge to the southwest. The "openness"
of these folds is controlled by the thick quartzose unit exposed
on the south side of the road; away from this unit in less com-
petent lighologies, the folds are more nearly isoclinal. These
folds face upward.
Cleavage is parallel to the axial surfaces of the upright folds.
In competent beds, it is a pressure-solution cleavage; in the
more pelitic beds, it is close-spaced cleavage and micaceous
minerals have formed parallel to the cleavage. The cycloidal
cross sections of thin quartzite beds interbedded with phyllite
may be a pressure-solution effect.
A second set of folds deforms the upright folds and associated
cleavage. These folds have axial surfaces that strike northerly
and dip steeply. Their axes plunge in various directions depend-
ing on the orientations of the surface that they fold. A cleavage
parallels the axial surfaces of these folds.
Return to cars. Reverse direction and proceed west toward Winslow
on Route 137.
61.8 Stop light. Turn left on Route 201 and proceed to Augusta.
77.4 Traffic circle east of business district of Augusta. Follow
traffic circle 240° and bear right on Routes 9 and 17.
77.9 Stop light. Continue straight on Route 9 and proceed to Gardiner.
80.6 Outcrop of Vassalboro Formation on left.
82.8 Stop light. Turn right onto new bridge over Kennebec River. Town
to left is Gardiner.
83.0 Stop light. Turn half-left onto Routes 201, 9, and 126.
83.3 Stop light. Turn right with Routes 126 and 9.
84.2 Bear right with Routes 126 and 9.
85.5 Stop 10 . Park at side of road. Be careful to traffic. Exposure
of Cushing Formation and foliated granite.
Biotite-bearing amphibolite and paragneisses consisting of
quartzofeldspathic gneisses and plagioclass gneisses containing
garnet and diopside are intruded by "even"-textured, garnet-bearing
granite gneiss and granitic gneiss containing insets of K feldspar.
Granite and pegmatitic dikes and several orders of veins are pre-
sent. Biotite reaction zones are present along the margins of
several dikes.
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The amphibolite, paragneiss, and orthogneiss have been deformed
together, and all the rocks have a schistosity that dips modera-
tely toward the northwest. Reclined folds with axial surfaces
that dip more gently than the schistosity deform schistosity as
well as dikes of orthogneiss, pegmatites, and quartz veins. Boudin
lines plunge in approximately the same direction as fold axes.
A fold having an axial surface that strikes northerly and dips
steeply in the western part of the outcrop is interpreted as a
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